
Article

Not peer-reviewed version

Production and Characterization

of Aluminum Reinforced with SiC

Nanoparticles

Francisca Rocha and Sónia Simões 

*

Posted Date: 31 August 2023

doi: 10.20944/preprints202308.2170.v1

Keywords: metal matrix nanocomposites; powder metallurgy; silicon carbide; microstructure; mechanical

properties.

Preprints.org is a free multidiscipline platform providing preprint service that

is dedicated to making early versions of research outputs permanently

available and citable. Preprints posted at Preprints.org appear in Web of

Science, Crossref, Google Scholar, Scilit, Europe PMC.

Copyright: This is an open access article distributed under the Creative Commons

Attribution License which permits unrestricted use, distribution, and reproduction in any

medium, provided the original work is properly cited.

https://sciprofiles.com/profile/166952


 

Article 

Production and Characterization of Aluminum 
Reinforced with SiC Nanoparticles 

Francisca Rocha 1 and Sónia Simões 1,2,* 

1 Department of Metallurgical and Materials Engineering, Faculty of Engineering of the University of Porto, 
Rua Dr. Roberto Frias, 4200-465 Porto, Portugal 

2 LAETA/INEGI-Institute of Science and Innovation in Mechanical and Industrial Engineering, Rua. Dr. 
Roberto Frias, 4200-465 Porto, Portugal 

* Correspondence: ssimoes@fe.up.pt 

Abstract: Aluminum matrix nanocomposites have been the subject of much attention due to their 
extraordinary mechanical properties and thermal stability. This research focuses on producing and 
characterizing an aluminum matrix reinforced with silicon carbide (SiC) nanometric particles. The 
conventional powder metallurgy route was used to produce the nanocomposites, and the dispersion 
and mixing process was carried out by ultrasonication. The conditions of the dispersion and the 
volume fraction of the SiC were evaluated in the production of the nanocomposites. Microstructural 
characterization was carried out using optical microscopy (OM), scanning electron microscopy 
(SEM), energy dispersive X-ray spectroscopy (EDS) and electron backscatter diffraction (EBSD). 
Mechanical characterization was carried out using hardness and tensile tests. The dispersion agent 
was investigated, and isopropanol leads to better dispersion with fewer agglomerates. Increasing 
the volume fraction of the reinforcement improves the hardness of the nanocomposites. However, 
greater agglomeration of the reinforcement is observed for larger volume fractions. The greatest 
increase in hardness (77% increase compared to the hardness of the Al matrix) is obtained with 1.0 
vol % of SiC, corresponding to the sample with the best dispersion. The mechanical characterization 
through tensile tests attests to the effect of the reinforcement on the Al matrix. The main 
strengthening mechanisms identified were the load transfer, the texture hardening, Orowan 
strengthening, and the increase in the density of dislocations in the nanocomposites.  

Keywords: metal matrix nanocomposites; powder metallurgy; silicon carbide; microstructure; 
mechanical properties 

 

1. Introduction 

In recent years, the interest in advanced materials with improved mechanical and thermal 
properties has driven significant advancements in composite materials [1-3]. Among these, 
aluminum metal matrix reinforced with micrometric and nanometric reinforcement as silicon carbide 
(SiC) have gained considerable attention due to their potential to offer exceptional mechanical 
strength, enhanced wear resistance, and improved thermal stability. Incorporating nanometric 
particles into aluminum matrices exploits the inherent properties of both materials and introduces 
synergistic effects that can lead to superior material performance [3]. 

The growing development of advanced composites with an aluminum matrix is based on the 
possibility of producing components with extraordinary properties that conventional materials do 
not have. Different particles can be used to improve the properties of aluminum materials. Some of 
the most reported are SiC, Al2O3, TiC and carbon-based nanoparticles such as carbon nanotubes 
(CNTs). Among these, SiC, a hard and chemically inert ceramic material, has demonstrated 
remarkable mechanical and thermal attributes, making it a convincing candidate for use as a 
reinforcing of aluminum matrix [3-7]. 
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These composites can be produced mainly through powder metallurgy [8] or stir casting [9] 
processes. However, the successful production of these nanocomposites depends on factors such as: 
(a) obtaining a uniform dispersion of the reinforcement, (b) a strong interface between matrix and 
reinforcement, and (c) reducing the chemical reaction that may occur between the reinforcement and 
the matrix.  

Powder metallurgy avoids the wettability problem obtained using the casting process, but the 
distribution of nanoparticles in the aluminum matrix is challenging. The development of dispersion 
techniques is crucial for the success of the production of these nanocomposites. For instance, Zeng et 
al. [8] proposed a dispersion and mixture process that combines ultrasonication and ball milling to 
produce Al-SiC nanocomposites by conventional powder metallurgy. The microstructural and 
mechanical characterization revealed that the process effectively produced the nanocomposites. The 
SiC nanoparticles adhered to the Al particles with a relatively uniform distribution. After extrusion, 
the microstructural characterization results of the samples reveal a homogeneous reinforcement 
dispersion throughout the matrix. Vickers microhardness showed an increase of 26%, 34% and 40% 
in the samples reinforced with 1.0, 2.0 and 3.0% SiC, respectively, compared to the pure aluminum 
samples. In addition to higher hardness and ductility values, the presence of SiC hinders the 
movement of dislocations and subsequently limits the deformation of the material. Shahradami et al. 
[10] investigated the combination of carbon nanotubes and SiC in producing nanocomposites. The 
mixture was performed by planetary ball milling. Different volume fractions of the reinforcement in 
the microstructure and mechanical properties were evaluated. The results revealed that the increase 
in SiC leads to increased compressive strength.  

The combination of the powder metallurgy with deformation processes has shown to be 
effective in producing aluminum matrix reinforced with SiC nanoparticles. Soltani et al. [11] 
investigated the production of these nanocomposites using cold pressing and hot extrusion. The 
nanocomposites exhibited an increase in microhardness of 44% and in the tensile strength of 40%. In 
addition, the mechanical properties of the nanocomposites at high temperatures can be improved.  

However, to date, few studies have focused on producing Al reinforced with SiC nanoparticles, 
mainly in developing dispersion techniques. In this context, the aim of this investigation, Al-SiC 
nanocomposites were produced by conventional powder metallurgy. The ultrasonication was 
selected as the dispersion and mixture process based on the success demonstrated in previous works 
to produce aluminum matrix with CNTs [11-14]. Different dispersion and mixing conditions were 
evaluated, as well as the volume fraction of the reinforcement. The microstructure of the 
nanocomposites was evaluated using different characterization techniques, such as optical 
microscopy (OM), scanning electron microscopy (SEM) with energy dispersive X-ray spectroscopy 
(EDS) and electron backscatter diffraction (EBSD). The mechanical properties were also investigated 
to define the conditions for successfully obtaining the nanocomposites. 

2. Materials and Methods 

The Al powders used were obtained from Goodfellow Cambridge Ltd. (Huntingdon, UK) with 
a maximum size of less than 60 µm. The as-received powders and particles were characterized by 
scanning electron microscopy (SEM) using a FEI QUANTA 400 FEG equipment (Hillsboro, OR, USA) 
and the chemical composition by energy dispersive X-ray spectroscopy (EDS, Oxford Instrument, 
Oxfordshire, UK). The morphology and size of SiC nanoparticles supplied by Merck (Darmstadt, 
Germany) can be observed in Figure 1. The SiC nanoparticles are characterized by an average particle 
size of 50 nm. However, there is a high standard deviation value due to particles with a wide range 
of sizes, most of which are less than 100 nm. Table 1 shows the EDS chemical composition of the SiC 
particles and Al powders. The Al powders are characterized by the presence of a small amount of Fe.  

The nanocomposites were produced by powder metallurgy. The dispersion and mixing of Al 
and SiC nanometric particles were conducted by ultrasonication in isopropanol and ethanol for 15 
min with a frequency of 20.4 Hz. The conditions were selected based on the previous works [12-15] 
that investigated the dispersion of nanoreinforcements. The isopropanol or ethanol was filtered, and 
the powder mixtures were dried and cold pressed at 300 MPa into discs of around 6 mm diameter 
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and 2 mm thickness. The different volume fraction of SiC reinforcement was investigated (0.5, 1.0, 
1,5, and 2.0 vol.%). Sintering was performed in a horizontal tubular furnace, under an argon 
atmosphere, at 640 °C for 90 min. The sintering condition was selected based on the previous works 
on producing Al reinforced with carbon nanotubes nanocomposites [12-15]. 

The microstructural characterization of the nanocomposites was performed by optical 
microscopy (OM), SEM, and electron backscatter diffraction (EBSD). The equipment used for this 
characterization was an optical microscope, M 4000 M, with Leica Application Suite software (version 
4.13.0, Leica Microsystems, Wetzlar, Germany) and a Thermo Fisher Scientific QUANTA 400 FEG 
SEM (Thermo Fisher Scientific, Hillsboro, OR, USA) with an EBSD TSL-EDAX detector unit (EDAX 
Inc. (Ametek), Mahwah, NJ, USA). The EBSD data were analyzed by TSL OIM Analysis 5.2 (Ametek 
Inc., Devon-Berwyn, PA, USA) and the ATEX version 3.28 (University of Lorraine, Metz, France) [16]. 

  
(a) (b) 

 
(c) 

Figure 1. Scanning electron microscopy (SEM) of the as-received SiC nanoparticles (a) low 
magnification image; (b) a detail showing the morphology and size of the particles and (c) distribution 
of the particles size. 

Table 1. EDS chemical composition (in at. % ) of the as-received SiC nanometric particles and Al 
powders. 

 Si C Al Fe 

SiC nanoparticles 35.3 64.7 _ _ 
Al powders _ _ 96.3 3.7 
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The mechanical properties were studied using microhardness Vickers tests (98 mN for 15 s) to 
evaluate the hardness evolution. These tests were performed on Duramin-1 equipment (Struers, 
Ballerup, Denmark). The tensile test was performed with a velocity of 1 mm/s, using Shimadzu EZ 
Test equipment (Shimadzu Corporation, Kyoto, Japan), and four samples of each nanocomposite and 
aluminum matrix were tested. The tensile specimens were produced by cold pressing with the mold 
shown in Figure 2, followed by sintering. This figure also shows four samples of the nanocomposites 
produced. 

 

Figure 2. Images of the mold of the tensile samples and four nanocomposite tensile samples. 

3. Results and Discussion  

Nanocomposites of aluminum reinforced with nanometric SiC were successfully produced by 
powder metallurgy using ultrasonication as a dispersion/mixture process. Different fraction of 
reinforcement was evaluated to determine the optimal conditions for producing these 
nanocomposites. In addition, different conditions of the dispersion/mixture were also tested. The 
microstructural and mechanical characterizations were performed in the nanocomposites with the 
best results regarding dispersion and volume fraction of SiC.  

3.1. Investigation of conditions of dispersion and mixture technique 

SiC-reinforced aluminum nanocomposites were successfully produced by powder metallurgy 
using ultrasonication as a dispersion/mixing process. Experiments were carried out with different 
liquids to evaluate the influence of the dispersing agent. 

Figure 3 shows the microstructure images of the nanocomposite in OM, and the results of a 
fraction of SiC pores and agglomerates produced using ethanol or isopropanol as a liquid in 
ultrasound. The nanocomposites were characterized by a brighter matrix (Al matrix) and a darker 
phase (SiC agglomerates and pores). Based on the results, it is possible to confirm that SiC 
agglomeration decreased using isopropanol, which may be due to better dispersion. The SEM images 
combined with the EDS analysis confirm the presence of SiC, as seen in Figure 4. Some agglomerates 
are observed, showing that there is still a possibility of improving their dispersion. In previous works, 
it was also impossible to eliminate the reinforcement agglomerates using the same dispersion and 
mixture method to produce nanocomposites reinforced with carbon nanotubes (CNTs) [12-14].  
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(a) (b) 

 
(c) 

Figure 3. Optical microscopy (OM) images of the nanocomposites produced by ultrasonication using: 
(a) ethanol; (b) isopropanol, and (c) percentage of the pores and SiC agglomerates of the Al matrix 
and the nanocomposites. . 

 
Figure 4. SEM images of the Al-SiC nanocomposites show a detailed identity as SiC by an EDS 
spectrum. 
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The dispersion of the SiC particles was tested in different liquids without Al powders to confirm 
the effect of different dispersion conditions and agents. Figure 5 shows the SEM images of the SiC 
particles dispersed in ethanol and isopropanol. Isopropanol is effective in obtaining fewer 
agglomerated particles. In the images, the nanometric particles in isopropanol are more widely 
spaced than those in ethanol. Based on these results, the influence of volume fraction was studied 
using isopropanol in ultrasonication of SiC nanoparticles and Al powders. 

  
(a) (b) 

Figure 5. SEM images of the SiC particles dispersed in: (a) ethanol; (b) isopropanol. 

3.2. Effect of the volume fraction of the SiC nanoparticles 

The effect of the volume fraction of the nanometric SiC was investigated in the microstructure 
and mechanical properties of the nanocomposites. The ultrasonication was conducted in isopropanol 
using dispersion and a mixture of the reinforcement and Al powders. Figure 6 shows the 
nanocomposite microstructure images in OM, and Figure 7 the results of the fraction of pores and 
agglomerates of SiC produced using different volume fractions of the reinforcement. The number 
and size of the agglomeration of the SiC depends on the fraction volume. As the fraction of 
reinforcement increases, the size and the number of agglomerates also increase. Nanocomposites 
produced with 1.0 vol. % of SiC show less agglomeration. Similar results were observed for other 
aluminum matrix nanocomposites reinforced with carbon nanotubes using ultrasonication as a 
dispersion/mixture process [12-14].  

Other authors observe similar results on the nanocomposites of Al reinforced with SiC 
nanoparticles. Shaikh et al. [17], who analyzed the influence of the SiC content added to the 
nanocomposite, observed an increase in porosity as the fraction of SiC added increased. These 
authors support the presence and development of porosities by the difference between the coefficient 
of thermal expansion of the matrix and the reinforcement and by the agglomeration of particles.  

The increase of the SiC volume fraction added to the aluminum matrix is expected to influence 
the mechanical properties of the composite, promoting the strengthening effect. Vickers 
microhardness tests (HV 0.01) were carried out to determine these and the evolution of the hardness 
with the volume fraction of SiC can be observed in Figure 8. Analysis of the results shows that adding 
SiC particles had the desired hardness effect. As the SiC content increased, there was an increase in 
the hardness values of the samples, peaking at 1.0 vol% of SiC. Only a small decrease is observed for 
the 1.5 vol% of SiC. However, since the dispersion results show that for 1.5 vol % SiC, there is a 
significant increase in agglomerates, the value of 1.0 vol% SiC is the fraction that allows the best 
properties to be obtained. This higher hardness value can be attributed to the fact that the 
reinforcement is made up of particles with a higher hardness than the matrix, which increases the 
properties of the nanocomposite. Other authors have observed similar results [8] in the 
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nanocomposites produced by powder metallurgy. However, the dispersion and mixture technique 
in this work proved effective as it allowed for a more significant increase in the hardness of the 
nanocomposites of around 70% compared with the Al matrix produced with the same conditions. 

  
(a) (b) 

  
(c) (d) 

Figure 6. OM images of: (a) Al matrix; (b) nanocomposite with 0.5 vol % SiC; (c) nanocomposite with 
1.0 vol % SiC; and (d) nanocomposite with 1.5 vol % SiC.  

 

Figure 7. Pores and SiC agglomerates of the Al matrix and nanocomposites produced with 0.5, 1.0, 
1.5 and 2.0 vol % SiC. 
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Figure 8. Vickers microhardness (HV0.01) evolution of the Al matrix and nanocomposites produced 
with 0.5, 1.0 and 1.5 vol % SiC. 

3.3. Characterization of Al nanocomposites reinforced with 1.0 vol% of SiC 

Detailed microstructural and mechanical characterizations were performed in the 
nanocomposites produced with 1.0 vol %SiC using ultrasonication in isopropanol. Figure 9 shows 
the SEM image of the microstructure of the nanocomposites. Based on these images, it is possible to 
confirm that the presence of SiC is present in the matrix of the nanocomposites. In addition, it is 
possible to detect bright particles throughout the Al matrix. EDS analyzed the different regions and 
can be observed in Table 2. The presence of SiC is detected and is possibly observed in detail in Figure 
9. The high Al value is due to the interaction volume characteristic of this technique. Also, the brighter 
particles detected are characterized by Fe. This can be formed since as-received powders present an 
amount of Fe that, during the sintering, promotes the formation of these precipitates. 

 

Figure 9. SEM image of the nanocomposite produced with 1.0 vol% of SiC. 

Electron backscatter diffraction (EBSD) was used to evaluate the grain size and crystallographic 
orientation of the Al matrix and nanocomposites. Figure 10 shows the maps of inverse pole figures 
(IPF), the inverse pole figures (IPF) and the grain size distributions of the Al matrix and the 
nanocomposites produced with 1.0 vol% SiC. These results show that although the average grain size 
of the samples was close, the nanocomposites revealed a slightly larger grain size with significant 
variation (higher standard deviation). This could be due to a non-uniform SiC distribution. During 
sintering, the non-uniform distribution of the reinforcement will promote a microstructure 
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characterized by grains of different sizes. This is because the SiC makes it difficult for the grain 
boundaries to move, promoting smaller sizes where SiC hinders their movement. However, this 
effect does not significantly affect the average grain size (2.3 µm) relative to the matrix with a more 
uniform grain size (2.1 µm). 

Table 2. EDS chemical composition (at. %) of the regions marked in Figure 9. 

Zone Al Fe Si C 

Z1 100 _ _ _ 
Z2 64.8 35.2 _ _ 
Z3 54.3 _ 26.2 19.5 

 

  
(a) (b) 

(c) (d) 

(e) (f) 

Figure 10. Inverse pole figures (IPF) maps, inverse pole figures (IPFs) and grain size distribution of: 
(a, c, e) Al matrix and (b, d, f) nanocomposite produced with 1.0 vol.% of SiC. 

The samples revealed a different crystallographic orientation but did not exhibit texture. With 
the analysis of IPF and IPF maps, the addition of SiC significantly affects the crystallographic 
orientation of Al grains. It can be analyzed in the transverse direction (TD) that the grains of the Al 
matrix present strong intensity in the <001> planes, and the nanocomposites present high intensity 
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for <111>. Also, for the Al matrix in the normal direction (ND), the <111> present a strong intensity 
while for the nanocomposites it is not observed. This result can be explained due to the influence of 
SiC on grain rotation during sintering. This change promoted by the SiC addition can be important 
in strengthening the nanocomposite. Similar results are reported in aluminum matrix 
nanocomposites produced by powder metallurgy [14,15]. A higher magnification EBSD analysis is 
present in Figure 11. 

          

(a) (b) 

           
(c) (d) 

  
(e) (f) 

Figure 11. IPF, Kernel average misorientation (KAM) and geometry necessary dislocations (GNDs) 
density maps of: (a, c , e) Al matrix and (b, d, f) nanocomposites. 

Figure 11 shows the IPF, Kernel average misorientation (KAM) and geometry necessary 
dislocations (GNDs) density maps of Al matrix and the nanocomposite produced with 1.0 vol% of 
SiC. This analysis reveals that adding SiC significantly affects the Al matrix's microstructure. Based 
on the IPF maps, it is noted that the nanocomposites have more intense orientation domains than the 
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Al matrix, confirming the significant influence of reinforcement on the crystallographic orientation 
of the matrix. The fact that the reinforcement is present in the matrix will not only influence the 
dynamics of the sintering process. Still, it can also clearly influence recovery and recrystallization 
processes. Based on the Kernel average misorientation (KAM) maps, it is possible to observe that Al-
SiC presents a higher average misorientation. This can be related to the higher density of dislocation 
that promotes an angle of misorientation until 5º. The average geometrically necessary dislocations 
(GNDs) density maps confirm that a higher density of estimated dislocations characterizes the 
nanocomposites. The estimated density of GNDs for Al is 4.6 x 1013 m-2, while for the nanocomposites 
is 9.6 x 1013 m-2. Due to the difference in the coefficient of thermal expansion between the soft matrix 
and the hard reinforcement, stresses are created, promoting an increase in the density of dislocations 
in the nanocomposites. In addition, the SiC particles will also act as obstacles to the movement of the 
dislocations. These results indicate that the Orowan strengthening effect can be one of the 
mechanisms present in these nanocomposites. Any deformation promoted in the early stages of the 
production process is eliminated in the Al matrix through sintering. These results show that the 
increase in dislocation density is an active strain-strengthening mechanism in these nanocomposites. 
Still, this process is hindered in the nanocomposites, proving that the reinforcement affects the 
recovery process of the nanocomposites. Based on the microstructural characterization, the higher 
density of dislocations and different crystallographic orientations of the nanocomposites can be 
important in strengthening these nanocomposites.   

The mechanical properties of the nanocomposites were determined by Vickers microhardness 
and tensile to confirm the effect of the SiC particles on the Al matrix. The hardness tests revealed that 
with the introduction of this nanoreinforcement it is possible to obtain a 77% increase in hardness 
with 1.0% vol SiC, an increase from 34 (Al matrix) to 62 (nanocomposites) HV0.01. This improvement 
in the hardness can be an indication that a good interface between the soft phase of Al and hard phase 
of the SiC is achieved. This increase of the hardness of the Al-SiC nanocomposites is significantly 
higher than reported in the literature [8,11]. Zeng et al. [8], who conducted Vickers microhardness 
tests on Al samples reinforced with 1.0, 2.0, and 3.0 wt.% of SiC, obtained hardness values of 50, 54 
and 56 HV. However, the higher hardness value was found in the sample with 3.0 wt% SiC, with a 
40% increase compared to the pure aluminum samples. Similar results were observed by Soltani et 
al. [11] for the nanocomposites of Al reinforced with 3.0 vol% of SiC. The authors attributed the 
hardness increase to the milling process and to the hardening effect of the nanometric SiC.  

Table 3 shows the results of the tensile tests. For the nanocomposites, a decrease in the elongation 
and yield strength is observed with a slight increase in tensile strength. These results can be explained 
due to the SiC agglomeration that will impair the tensile properties of the nanocomposites. The 
strengthening effect is because the silicon carbide acts as an obstacle to the movement of the 
dislocations, thus hindering the plastic deformation of the material. The value of increased tensile 
strength is according to the value reported by other authors [8], reaching a 25% increase compared 
with the tensile strength of the Al matrix. However, a more effective strength is observed when the 
nanocomposites are produced with the combination of powder metallurgy and deformation 
processes. Soltani et al. [11] showed that it is possible to obtain an increase of 40 % in the tensile 
strength at room temperature by adding nanometric SiC particles into the Al matrix. In addition, the 
authors observed a significant improvement in the high-temperature properties of the 
nanocomposites.  

Several mechanisms can contribute to the improvement of the mechanical properties of the 
nanocomposites [15,18,19]. The mechanisms that are more reported to play an essential role in the 
mechanical properties of the nanocomposites are load transfer, grain refinement or texture 
hardening, Orowan strengthening, second-phase formation and an increase in the dislocation 
density. Based on the combined results of microstructural and mechanical characterization, it is 
possible to attest to the reinforcement of the Al matrix, and the mechanisms most important are the 
load transfer, the increase in density of dislocation, and the texture hardening.  

Table 3. Mechanical properties of Al matrix and the nanocomposites obtained by tensile tests. 
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Tensile Strength 

(MPa) 

Yield Strength 

(MPa) 

Elongation 

(%) 

Al matrix 64 40 23 
Al 1.0 vol% SiC 86 36 8 

4. Conclusions 

SiC-reinforced aluminum nanocomposites have been successfully produced using powder 
metallurgy. The conditions of the dispersion and mixing process influenced the production of these 
compounds significantly. The dispersion agent was investigated, and the best results were obtained 
with ultrasonication in isopropanol. 

The volume fraction of the reinforcement also plays an important role in the production of the 
nanocomposites. Different fractions were evaluated, and the results showed that with the increase of 
the reinforcement fraction, there is an increase in the hardness of the nanocomposites, but their 
dispersion is more difficult. The highest hardness value was obtained with 1.0 vol% SiC sample that 
presented less fraction of agglomerates. 

The microstructural characterization revealed that the introduction of reinforcement 
significantly affects the microstructure of the nanocomposites. For nanocomposites, a greater 
variation in grain size is observed due to the presence of SiC agglomeration in the matrix. 
Furthermore, the nanocomposites reveal a different crystallographic orientation of the Al matrix, 
showing that it could be one of the active reinforcement mechanisms in these nanocomposites. In 
addition to the change in grain rotation during sintering, the presence of SiC proved important in the 
dislocation density of the nanocomposite. A higher density of dislocations is observed, which can be 
explained due to the difference in the coefficient of thermal expansion of the matrix and 
reinforcement.  

The mechanical properties of the nanocomposites attest to the reinforcing effect of nanometric 
SiC particles. There was a significant increase in hardness of 77% compared to Al produced under 
the same conditions and an increase of 25% in tensile strength. However, due to the agglomeration 
of SiC particles, a significant decrease in the ductility of the nanocomposites can be observed. 

Load transfer, texture hardening, Orowan strengthening, and increase in dislocation density are 
the main strengthening mechanisms that act simultaneously in these nanocomposites, promoting an 
improvement in the mechanical properties. 
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